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Abstract

The summer climate of southern Mexico and Central America is characterized by

a mid-summer drought (MSD), where rainfall is reduced by 40% in July as compared to

June and September. A mid-summer reduction in the climatological number of eastern

Pacific tropical cyclones has also been noted. Little is understood about the climatology

and interannual variability of these minima. The present study uses a novel approach to

quantify the bimodal distribution of summertime rainfall for the globe and finds that this

feature of the annual cycle is most extreme over Pan America and adjacent oceans. One

dominant interannual signal in this region occurs the summer before a strong winter E1

Nifio/Southern Oscillation (ENSO). Before E1 Nifio events the region is dry, the MSD is

strong and centered over the ocean, and the mid-summer minimum in tropical cyclone

frequency is most pronounced. This is significantly different from Neutral cases (non-E1

Nifio and non-La Nifia) when the MSD is weak and positioned over the land bridge. The

MSD is highly variable for La Nifia years, and there is not an obvious mid-summer

minimum in the number of tropical cyclones.
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POPULARSUMMARY

InterannualVariability of theBimodalDistributionof
SummertimeRainfall OverCentralAmericaand

TropicalStormActivity in theFar-EasternPacific

by

ScottCurtisJCET/U_IBC

Most of southernMexico andCentralAmerica'srainfall occursin thesummer

months. Someof thisrainfall comesfrom tropical stormsin theeasternPacific. Both the
seasonalrainfall andnumberof stormshaveamid-summerminimum. Thereasonfor

this minimumis not known,howeveronehypothesissuggestsit is aresponseto local
changesin seasurfacetemperatureandsurfacewinds. Thisstudywasableto objectively
definethestrengthof theminimum. Thestrongestmid-summerminimumin rainfall
(alsoknownasamid-summerdrought)in thewholeworld occursoff thewestcoastof
Central America.

This study also examined how the mid-summer drought in this region changed

with E1 Nifio, La Nifia, and Neutral (non-E1 Nifio and non-La Nifia) summers. The

biggest difference was between E1 Nifio and Neutral cases. The mid-summer droughts

tended to be weak and centered over land for Neutral summers and strong and centered

over the Pacific for E1 Nifio summers. A relationship between rainfall and tropical storm

activity was shown for all cases. It appears that tropical storms contribute a lot of rain in

September during E1 Nifio and La Nifia. This study suggests that E1 Nifio brings drought

to the area in the middle of summer and local effects are not as important, whereas for

Neutral years the effects of clouds and precipitation on their environment produce a weak

mid-summer minimum in rainfall.



1. Introduction

The climatology and interannual variability of summertimeprecipitation over

Mexico and the SouthwestU.S. (alsoreferredto asthe North Americanmonsoon)has

receivedincreasedattentionin recentyears(eg.AdamsandComrie1997,Higgins et al.

1999). Applicable to this body of work, Magafiaet al. (1999) describeda bimodal

distribution of precipitation over southernMexico and Central America during the

summermonths. They showedthat the mid-summerdrought (MSD) is forced by the

seasonalfluctuationof seasurfacetemperature(SST). Regionalclimatestudieshavealso

notedbimodaldistributionsof summertimeprecipitation,resultingfrom different forcing

mechanisms,in the upper Midwest of the U.S. (Keables 1989) and at the Equator

(Hartmann1993). However,a globally uniform climatologicalanalysisof intraseasonal

precipitationvariabilityhasnot beenperformed.

The typical evolution of precipitation anomaliesover Mexico leading up to a

matureE1Nifio is belownormalrainfall during themonsoonseason(Higginset al. 1999),

followed by abovenormalrainfall in autumn(RopelewskiandHalpert 1986). The 1997-

1998E1Nifio wasa specialcaseasthesummerdrought in Mexico extendedinto winter

(Bell et al. 1999).

Magafiaetal. (1999)foundthattheMSD appearsregardlessof thephaseof theE1

Nifio/Southern Osciallation (ENSO) and that there was no concurrent relationship



betweenthe MSD andENSO. However,summertime(June-July-August)rainfall over

Mexico showslittle correlationwith ENSO during the sameseason,but a significant

correlationwith the following winter (December-January-February)conditions(Table 1).

Thus,in this studythefocus is on the relationshipbetweenthesummerrainy seasonand

thestateof ENSOthefollowing winter.

While easternPacific tropical storms play an important role in the North

Americanmonsoonsystem(eg.HigginsandShi2001),extremeeventscanbeverycostly

to the peopleof Mexico's westcoast. The ratio of tropical stormrainfall to total rainfall

in southwesternMexico rangesfrom 10 to 40% (EnglehartandDouglas 2001). These

valuesexceed50% in the vicinity of the Baja peninsula(Rodgerset al. 2000,Englehart

andDouglas2001).

Attempts have beenmade to relate the seasonalstatistics of easternPacific

tropical cyclonesto ENSO. Whitney and Hobgood (1997) found no ENSO related

impact on the number,intensity, or track length of tropical storms. Irwin and Davis

(1999) showedthat stormsoriginatedabout6° longitude to the west of normal during

strongE1Nifio events.This is consistentwith EnglehartandDouglas(2001)who found

that tropical storm relatedrainfall at stationson Mexico's southwestcoast decreased

duringEl Nifio events. However,Rodgerset al. (2000),usingsatellitedata,showedthat

tropical cyclonerainfall wasenhancedover the far-easternPacific for E1Nifio versusLa

Nifia summers.
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Most intraseasonaldiagnosticsof tropical cyclone activity havefocusedon the

MaddenJulianOscillation (MJO) which hasa 30-60 dayperiodicity (eg.Maloneyand

Hartmann2000). Magafia et al. (1999) described a mid-summer minimum in the

frequencyof storms over the easternPacific warm pool as a signatureof the MSD.

However, questionsremain as to the relationship of the bimodal nature of tropical

cyclone activity to the intraseasonalrainfall variability. Also, no studies (to my

knowledge) have examinedthe interannual variability of the bimodal distribution of

easternPacifictropical storms.

A state-of-the-artprecipitationdatasetwill be introducedand a methodwill be

describedto quantify thebimodal natureof precipitationandnumberof namedstormsin

section 2. The intraseasonalvariability of precipitation over Mexico and Central

America and number of tropical stormsin the far-easternPacific will be analyzedin

terms of ENSO in sections 3 and 4. The sea surface temperature(SST) forcing

mechanismwill be examinedin section 5. Finally, a summaryof the results and a

discussionof other factorsthat may contributeto the different intraseasonalvariations

duringE1Nifio, La Nifia, andNeutralsummerswill bepresentedin section6.

2. DataandMethods

Intraseasonalprecipitation information is obtainedfrom theGlobal Precipitation

Climatology Project (GPCP)pentad(5-day) 2.5° latitudeby 2.5° longitudedata (Xie et



al. 2002). This dataset,spanningthe period 1979to present,is similar to the Climate

Prediction Center'sMerged Analysis of Precipitation (CMAP; Xie and Arkin 1997)

except the pentadprecipitationestimatesareadjustedto sum to the GPCPVersion 2

monthly product(Adler et al., 2002). TheGPCPpentadproductis a mergerof various

satelliteestimatesandgaugeinformationandis of higherquality comparedto individual

data sources.

Weekly National Center for Environmental Prediction (NCEP) sea surface

temperature anomalies (Reynolds and Smith 1994) at 1 degree latitude by 1 degree

longitude resolution were averaged into an east Pacific warm pool index (105°W - 95°W,

10°N . 15°N).

Tropical storm and hurricane track information was downloaded from the

National Hurricane Center web site (http://www.nhc.noaa.gov). Storms located in the

Pacific Ocean east of 110 ° W were counted once on the day they originated, and the

counts were summed over 10-day (2 pentad) intervals from May 1-10 to October 28 -

November 6. This was done to ensure consistency with the GPCP data.

The ENSO Precipitation Index (ESPI; Curtis and Adler 2000), a monthly measure

of the zonal gradient of precipitation anomalies between the central equatorial Pacific

(10°S _ 10°N; 160°E - 100°W) and the Maritime Continent (10°S - 10°N; 90°E - 150°E),

was used to define ENSO events. ESH is highly correlated to traditional measures of
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ENSO suchasthe Nino 3.4,howeverESPIis morecloselyconnectedto the large-scale

circulationasforcedby warm andcoldSSTevents.

A simple objective methodwasdevisedfor quantifying the bimodal nature of

May to Octoberprecipitationandnumberof tropical cyclones. Thefirst orderharmonic

(FOH) from thenormalizedvariancespectrumof a time seriesyieldsa sinusoidalwave

with onepeakandonetrough. For thecaseof theprecipitationdata,if thepeak(trough)

is nearthecenterof the time range,thenthe FOH representsarainy season(dry season)

(Fig. 1). Thesecondorderharmonic(SOH)yieldsa sinusoidalwavewith two peaksand

two troughs. Only in the specialcasewhere one of the troughsis very close to the

beginning(early May) or end (lateOctober)of the record,doesthe SOHrepresentthe

mid-summerminimumcondition(Fig. 1). Thetime seriesof precipitationandnumberof

tropical cyclonesareactually composedof the FOH, SOH, andotherhigherfrequency

oscillations. Thispaperis only concernedwith therelativestrengthsof theSOH.

3. The Mid-SummerDrought

A 21-yearclimatology(1979to 1999)of pentadprecipitationwasconstructedfor

May 1-5to October28-November1. Thenormalizedvariancespectrumwascomputed

for eachgrid block andthe varianceexplainedby the SOH wasplotted(Fig. 2). Areas

suchascoastalChinaandsouthernJapanshow somepower in this mode. However,the

SOH is strongestin the Pan Americanregion, where the MSD has beenhistorically
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observed,suggestingthatthe SOHis agoodstatisticalmodelfor this phenomenonof the

annualcycle. TheSOH explainsover30% of thevarianceof summertimeprecipitation

overmuchof southernMexico, CentralAmerica,andsurroundingoceans,andexplains

over50%of thevarianceoverGuatemalaandE1Salvador(Figs.2, 3a).

Next thesummersfrom 1979to 1999werecategorizedby the ESPIvalueof the

following Decemeber-January-February(DJF). E1Nifio summersweredefinedas1982,

86,89,91, 92,94,and97 (averageESPIvalue:0.97),La Nifia summersas1983,84, 85,

88,95, 98,and99 (averageESPIvalue:-0.98),andNeutralsummersas1979,80,81, 87,

90,93,and96 (averageESPIvalue:-0.32). Thesamespectralanalysiswasperformedon

thethreecompositesof precipitation. TheSOH is equallystrongfor E1Nifio years(Fig.

3b) as compared to climatology (Fig. 3a), but the bulk of the values have shifted

westwardover theocean.For theLa Nifia (Fig. 3c) andNeutral (Fig. 3d) compositesthe

powerof theSOH is reducedsubstantially.Also, in theNeutralcase,valuesin excessof

20%arecenteredoverland(Fig. 3d).

To testwhetherthedifferencesbetweenthe El Nifio compositeandnon-E1Nifio

compositesaresignificant the powerof theSOH for precipitationvaluesaveragedover

thecoreof theMSD region (Fig. 3) wascomputedfor eachyear. The time seriesof the

varianceexplainedby theSOH is given in Fig. 4. TheLa Nifia yearshavea meanvalue

equivalentto theclimatological mean(0.20)anda large standarddeviation. In fact, the

yearwith the lowest power (1985)and the year with the highestpower (1999) areLa



Nifia years. Five out of the sevenE1Nifio yearshavepowerabovethe meanandsix out

of thesevenNeutralyearshavepowerbelowthemean.A two-tailedt-testshowsthatthe

E1Nifio yearsandNeutralyearsaresignificantly different at the 95% confidencelevel

(t = 2.4andp = 0.033).

4. TheMid-SummerMinimum inTropical Cyclones

In this sectionthe numberof namedtropical cyclonesoriginating to the eastof

110° W (dashedline in Fig. 3) is examinedfrom May to October. Fig. 5a shows a

bimodaldistribution,consistentwith Magafiaet al. (1999)'sresults.From 1979to 1999a

relativeminimumin namedstormsoccurredin themiddleof August. However,the SOH

of thetimeseriesexplainslessof the variance(23.5%)thantheFOH (67.6%) suggesting

thatthetime seriesof tropicalcyclonefrequencyhasoneratherthantwo distinctpeaksin

thedistribution. For comparison,theclimatologicalprecipitationfor thecoreof the MSD

region (Fig. 3) is presented.Rainfall showsa pronouncedbimodaldistribution, reduced

by roughly40% in lateJuly ascomparedto Juneand September.Also, thepower of the

SOH is twice as largeasthe powerof the FOH (62.6% versus31.3% of the variance).

TheMSD leadstheAugustminimumin tropicalcyclones.

As in section3, the numberof tropical cycloneswasdivided into E1Nifio, La

Nifia, and Neutral composites. For the E1 Nifio composite (Fig. 5b) the variance

explainedby SOHincreasedto 30.1%,approachingthe varianceexplainedby the FOH



(49.1%). Besidesthe local maximumin early August,thetwo peaksin thedistribution

occurin early JulyandlateSeptember.Thesecondandlargerpeakis atthesametime as

theheaviestrainfall during anaverageE1Nifio summer.The summertimefrequencyof

namedstormsduring La Nifia events(Fig. 5c) is not bimodal. Peaksin early July, late

July, early August, and early Septemberdominatethe distribution. The MSD is also

weak, as the early seasonprecipitation maximum is not well defined. The first and

secondharmonicsexplainaboutequalamountsof thevariance(40.5%versus38.1%)for

theprecipitationtime series.For Neutralyears(Fig.5d) thereis aweakbimodalsignalin

storm frequencyand rainfall. The late seasonpeaksaredampedas comparedto the

ENSO composites.The total numberof tropical cyclonesfor theE1Nifio, La Nifia and

Neutral years are 82, 80, and 75 respectively. Thesenumbersare not significantly

different,supportingtheresultsof WhitneyandHobgood(1997).

5. SeaSurfaceTemperatures

Magafiaet al. (1999)showthatseasurfacetemperaturesdecreaseovertheeastern

Pacificwarm pool in July or August in responseto increasesin convectiveactivity and

changesin wind patterns. Herethesamedata(seesection2) is examined,but separated

into extremewintertimeENSOevents.

In the E1Nifio summerthe watersare anomalouslywarm until late September

whenthereis a suddenreturnto normalconditions(Fig. 6a).TheLa Nifia summershows
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a slow declinein SST from Juneto October(Fig. 6b). Finally, observationsduring

Neutral summersshow the greatestresemblanceto Magafia et al. (1999)'s 1982-93

climatology. SSTsarehigh in June,briefly decline in July-August,and increaseinto

September-October(Fig. 6c).

6. DiscussionandSummary

While wintertimeENSOis highly correlatedwith thepreviousJune-July-August

precipitation in the Mexicanmonsoonregion (Table 1), there is no correlation at the

beginning(May) and end (September)of the monsoon(0.05 and -0.01 respectively).

Thus, early during E1 Nifio summersthe waters warm and precipitation increases

simultaneously,as describedby Magafia et al. (1999). However, the mid-summer

drought (MSD) and mid-summerminimum in tropical cyclone developmentappear

despitecontinuedhigh temperatures.Theseminima arelikely respondingto changesin

the large-scalecirculation. TheE1Nifio induceddroughtin theregion is strongestin the

middleof the summerseason(Table 1)whenthe convectionassociatedwith theITCZ is

weakestandfurthest south(Curtis et al. 1999). In Septemberthe stormsreturn along

with enhancedrainfall,blocking incomingsolarradiation andreducingthe SST. Thenet

effect is the strongestMSD, in termsof percent decreaseof mid-summerrainfall, as

comparedto NeutralorLa Nifia years.
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Thebeginningof a typical La Nifia summerbehavesthesameway asanE1Nifio

summer,but insteadof southward,theITCZ shiftsnorthleadingto a slowdeclinein SST

anda small decreasein precipitation. Neither the rainfall nor numberof namedstorms

shows an obvious mid-summerminimum. Irwin and Davis (1999) found that more

tropical cyclonesoriginateandremainneartheMexicancoastduringLa Nifia. The end

of thesummeris alsosimilarbetweenE1Nifio andLaNifia events. In Septemberrainfall

increasessubstantially, possibly tied to enhancedtropical cyclone activity. Sixteen

namedstormsfrom August29 to September17wereidentifiedduring thesevenLa Nifia

yearsstudied(Fig 5c). Again,the increasein cloudsandrainfall diminishestheincoming

solarradiationandcoolstheunderlyingwaters.

Finally, observationsduringNeutral summersshow the greatestresemblanceto

Magafiaet al. (1999)'sproposedchainof causalityfor theMSD. Increasingprecipitation

during Juneleadsto a drop in SST;consequentlyinhibiting rainfall in July-Augustand

allowing increasedsolarradiationto warm thewaters,which is followed by thereturnof

precipitation in September.Magafiaet al. (1999)'sdynamicalexplanationalso involves

changesto thesurfaceconvergence,notexaminedhere.

In summary,the spectralpeakin the secondorder harmonicof boreal summer

precipitation is uniquelystrongover PanAmerica ascomparedto therest of the world.

An index of precipitationoverCentralAmericaconfirms that thesecondorderharmonic

describes the MSD phenomenonfor this region. The number of tropical storms
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originatingeastof 110° W alsodecreasesin themiddleof summer,but the secondorder

harmonicdoesnotexplainasmuchof the intraseasonalpowerasthefirst orderharmonic.

Magafiaet al. (1999)proposedlocal air-seainteractionsin establishingthe MSD. The

findingspresentedhereareconsistentwith this hypothesisfor Neutral (non-E1Nifio and

non-LaNifia) summers. However, during E1 Nifio and La Nifia large-scale changes in

circulation, namely the preferred location of the eastern Pacific ITCZ, are just as, if not

more, important than local air-sea mechanisms.

Table 1. Correlations between Mexican monsoonal rainfall (95°W-l10°W;

7.5°N-27.5°N) and ENSO Precipitation Index for the prior winter December-January-

February (D/F(-)), concurrent summer June-July-August (JJA(0)), and following winter

D/F(O).

RAIN

June-July-August

June

July

August

ENSO Precipitation

Index: D/F(-)

0.26

-0.13

0.50

0.11

ENSO Precipitation

Index: JJA(0)

-0.02

-0.48

-0.09

-0.61"

ENSO Precipitation

Index: DJF(0)

-0.81"*

-0.45

-0.34

-0.82**

*Significance at the 5% level; **Significance at the 1% level
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FigureCaptions

Figure 1. Examplesof harmonicmodelsto precipitationdata. Thin solid and dashed

linesrepresentwet anddry seasonsrespectively,asmodeledby thefirst orderharmonic.

Heavy solid line representsa bimodal distribution of precipitation (with a minimum

centeredin themiddleof theseason),asmodeledby thesecondorderharmonic.

Figure 2. Varianceexplainedby the secondorder harmonicfor climatological (1979-

1999)May to Octoberglobal precipitation. Shadingincreaseswith the contour levels:

0.2,0.3,0.4,and0.5.

Figure3. SameasFigure2, exceptrestrictedto thePanAmericanregion. A) 1979-1999

climatology,B) E1Nifio (1982, 1986, 1989,1991, 1992, 1994,and 1997),C) La Nifia

(1983, 1984, 1985, 1988, 1995, 1998, and 1999), and D) Neutral (1979, 1980, 1981,

1987, 1990, 1993, and 1996). Boxes indicate area over which mean precipitation time

series were computed for Figures 4 and 5. Dashed line marks the western boundary of

the Pacific tropical cyclone search area.
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Figure 4. Variance explained by the second order harmonic for May to October

precipitationaveragedoverthe box in Figure3. ClosedcirclesrepresentE1Nifio years,

opencircles La Nifia years,and 'X's Neutralyears. The averagevarianceexplainedfor

eachcategoryisgivenin thelegendbox.

Figure 5. Solid line denotesthe May to Octobertime seriesof precipitation(mmlday)

averagedover thebox in Figure3. Openbarsindicatenumberof namedstormsobserved

in theNorth Pacificeastof 110° W. A) 1979-1999climatology,B) E1Nifio (1982, 1986,

1989, 1991, 1992,1994,and 1997),C) La Nifia (1983, 1984,1985, 1988,1995, 1998,

and 1999), and D) Neutral (1979, 1980, 1981, 1987, 1990, 1993, and 1996). The

varianceexplained(in hundredths)by thesecondorderharmonicfor therainfall (RAIN)

andtropical storm(TS) timeseriesaregivenin theupperleft-handcorners.

Figure 6. The weekly SSTanomalyaveragedover theeasternPacific warm pool (10°-

15°N; 105°-95°W)for May to October. A) Solid lines denote1982,dotted lines 1991,

and dashedlines 1997,B) Solid lines denote1983,dottedlines 1995,anddashedlines

1999,C) solid linesdenote1987,anddottedlines 1990.
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